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 ,QWURGXFWLRQ
2QHRIWKHPDMRU FKDOOHQJHV RIRXU SODQHWLQWKHODVWFHQWXU\LV ZDVWHPDQDJHPHQW SUREOHPV UHVXOWHGIURPZRUOG
SRSXODWLRQ JURZWK LQGXVWULDO GHYHORSPHQW DQG UDSLG XUEDQL]DWLRQ 5HFRXUVH WR WUDGLWLRQDO VROXWLRQV OLNH ZDVWHV
LQFLQHUDWLRQ RU ODQGVOLGH FDXVHV PDQ\ HFRORJLFDO SUREOHPV OLNH DLU SROOXWLRQ DQG JURXQGZDWHU FRQWDPLQDWLRQ
0LFURELDOHQ]\PHWHFKQRORJ\ VHHPVWRKDYHPDQ\DGYDQWDJHV GXHWR HQ]\PH HIILFLHQF\VXVWDLQDELOLW\DQGORZFRVW
HIIHFWLYHQHVVDQG DERYHDOO HQ]\PDWLFWUHDWPHQWVDUHHFRIULHQGO\
/LJQRFHOOXORVHLVWKHPRVWDEXQGDQWO\DYDLODEOHELRPDVVRQ(DUWK,WLVFRPSRVHGE\FHOOXORVHKHPLFHOOXORVH DQG
OLJQLQ 7KH SULQFLSDO FDUERK\GUDWH SRO\PHUV SUHVHQW LQ OLJQRFHOOXORVH LV FHOOXORVH FRQVLVWLQJ RI JOXFRVH FKDLQV
OLQNHGE\ȕOLQNDJHV7KHVHFKDLQVDUHOLQNHGE\VWURQJK\GURJHQERQGLQJZKLFKIRUPV WKHFHOOXORVHFKDLQVLQWR
PLFURILEULOV PDNLQJ LW FU\VWDOOLQH LQ QDWXUH DQG YHU\ UHFDOFLWUDQW WR GHJUDGDWLRQ >@ :KLOH OLJQLQ LV DQ DURPDWLF
SRO\PHULWLVEXLOWIURPSKHQ\OSURSDQHXQLWVOLQNHGE\GLIIHUHQWW\SHVRIERQGV,WIRUPVDQLUUHJXODUQRQFULVWDOOLQH
QHWZRUNLQWKHSODQWFHOO ZDOOZKLFKLVYHU\UHVLVWDQWWRPLFURELDOGHJUDGDWLRQ>@
/LJQRFHOOXORO\WLF HQ]\PHV LQFOXGLQJ FHOOXODVHV DQG SHUR[LGDVHV VWXGLHG LQ WKLV ZRUN KDYH JDLQHG WKHVH ODVW




IRU ORZ FRVW SURGXFWLRQ RI OLJQRFHOOXORO\WLF HQ]\PHV EHFDXVH RI LWV KLJK OLJQRFHOOXORVH FRQWHQW FRQVLVWHQW
FRPSRVLWLRQ ORZFRVWDQGUHDG\DYDLODELOLW\ >@&RSURGXFWLRQVWUDWHJLHVDUHGHVLJQHG WRSURGXFHVLPXOWDQHRXVO\
PXOWLSOH HQ]\PHVZKLFKPDNHV WKHLU SURGXFWLRQ FRVW HIIHFWLYH
,QWKLVSDSHUZHXVHGZDVWHQHZVSDSHUDVWKHVROHFDUERQVRXUFH IRUFRSURGXFWLRQRI FHOOXODVHVDQGPDQJDQHVH
SHUR[LGDVHV E\ WZR %DFLOOXV VWUDLQV %DFLOOXV VS 5 DQG %DFLOOXV FHUHXV LQ VLQJOH DQG PL[HG FXOWXUH :DVWH
QHZVSDSHU LVXVHG LQGLIIHUHQW DSSOLFDWLRQV DVELRHWKDQROSURGXFWLRQ >@ FRPSRVLWHV >@HWFEXW WKHUHDUH OLPLWHG
VWXGLHV WKDW GLVFXVVHG LWV XVH IRU HQ]\PHV SURGXFWLRQ )RU WKLV SXUSRVH WKLV ZRUNZDV GHVLJQHGZLWK WKH DLP RI
WHVWLQJZDVWHQHZVSDSHULQGXFLELOLW\IRUFHOOXODVHVDQGSHUR[LGDVHVSURGXFWLRQXVLQJ %DFLOOXV VWUDLQVDOVRWKLVSDSHU









(Q]\PHSURGXFWLRQZDVFDUULHG RXWLQP/(UOHQPH\HUIODVNFRQWDLQLQJ VHDZDWHUQHZVSDSHUFXWV ;
 PP SHSWRQHEHHIH[WUDFWS+ 7KUHHIODVNVZHUHLQRFXODWHGZLWK DYYLQRFXOXP RI
%DFLOOXV VS 5 %DFLOOXV FHUHXV DQG PL[HG FXOWXUH VHSDUDWHO\ 7KH FXOWXUHV ZHUH PDLQWDLQHG DW & XQGHU
FRQWLQXRXVVKDNLQJDWUSP
$WLQWHUYDOVRIK KKDQGZHHNRILQFXEDWLRQ WKHFXOWXUHEURWKZDVFHQWULIXJHG DW USP IRU
PLQ DW& DQGVXSHUQDWDQWV ZHUH DVVD\HGIRU WRWDOFHOOXODVHDFWLYLW\PDQJDQHVHSHUR[LGDVHDQGWRWDOSURWHLQ
 (Q]\PHV DQGSURWHLQ FRQWHQW DVVD\V
7RWDO FHOOXODVH DFWLYLW\ ZDV FDUULHG RXW DFFRUGLQJ WR WKH ,QWHUQDWLRQDO 8QLRQ RI 3XUH DQG $SSOLHG &KHPLVWU\
,83$& >@ ,W ZDVDVVD\HGE\PHDVXULQJ WKHUHOHDVHRI UHGXFLQJVXJDUV LQ WKHUHDFWLRQPL[WXUHRI  POFUXGH
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HQ]\PHDQGPORI0 VRGLXPFLWUDWHEXIIHUS+LQFXEDWHGDW &IRUK 7KHUHGXFLQJVXJDUOLEHUDWHG




ZKLFKDEVRUEVDWQPڙ 0FP >@ 5HDFWLRQPL[WXUHV POFRQWDLQHG FUXGHHQ]\PH 
O VRGLXPPDORQDWHEXIIHU  PO  >@ WKH LQFXEDWLRQZDVGRQH DW & IRU PLQ  WKHEODQNFRQWDLQHGDOO
FRPSRQHQWV H[FHSWWKHHQ]\PH 2QH XQLWRI0Q3DFWLYLW\ZDVGHILQHGDVȝPROSURGXFWIRUPHG SHUPLQXWH
3URWHLQ DVVD\ ZDVGHWHUPLQHGE\WKH%UDGIRUG PHWKRG>@ZLWKERYLQHVHUXPDOEXPLQDVDVWDQGDUG
 6\QWKHWLFG\HVGHFRORXUL]DWLRQH[SHULPHQWVXVLQJ FUXGH HQ]\PHV
7\SLFDOO\PORIHDFKG\H&RQJRUHG1HXWUDOUHGDQG0HWK\OHQHEOXHDQGPORIFUXGH HQ]\PHV H[WUDFWHG
IURPRQHZHHNFXOWXUHV ZHUHDGGHGWRPORI VHDZDWHU EXIIHUS+  7KHILQDOFRQFHQWUDWLRQRIG\HVZDV
 7KHPL[WXUHV ZHUH LQFXEDWHG DW  & IRU  K 6DPSOHV ZLWKRXW HQ]\PHZHUH XVHG DV FRQWUROV DQGZDV
VXEPLWWHGIRUWKHVDPHFRQGLWLRQVRILQFXEDWLRQ 'HFRORUL]DWLRQZDVIROORZHGVSHFWURSKRWRPHWULFDOO\ DIWHU HDFK
PLQ DWPD[LPXPDEVRUEDQFHFXUYHV RIHDFKG\HV 6HDZDWHUEXIIHUZDVXVHGDVEODQN
7KHGHFRORXUL]DWLRQZDVFDOFXODWHGDVIROORZV >@
   
  






7KH H[SHULPHQW ZDV GRQH LQ WULSOLFDWH DQG GDWD REWDLQHG ZHUH DQDO\VHG IRU VWDQGDUG GHYLDWLRQ DQG 3HDUVRQ
FRUUHODWLRQFRHIILFLHQWU XVLQJ 0LFURVRIW([FHO
 5HVXOWVDQGGLVFXVVLRQ
 &HOOXODVHVDQGSHUR[LGDVHV SURGXFWLRQ WLPHFRXUVH RQZDVWHQHZVSDSHU
,Q WKHFXUUHQWVWXG\ WZRGLIIHUHQWVWUDLQV RI %DFLOOXV %DFLOOXVVS 5 DQG %DFLOOXVFHUHXV ZHUH XVHG LQ
VLQJOHDQGPL[HGFXOWXUH WRVWXG\WKH FRSURGXFWLRQ RIFHOOXODVHVDQG PDQJDQHVH SHUR[LGDVHV XVLQJZDVWHQHZVSDSHU
DV D VROH FDUERQ VRXUFH &HOOXODVHV DQG SHUR[LGDVHV DFWLYLWLHV ZHUH DVVD\HG DIWHU K K K DQG D ZHHN RI
LQFXEDWLRQ DW & )LJ  0D[LPXP FHOOXODVHV SURGXFWLRQ )LJ $ RFFXUUHG DIWHU  K LQ WKHPL[HG FXOWXUH
)38PJ WKHHQ]\PH\LHOGVGHFOLQHGJUDGXDOO\ WRUHDFK WKHLU ORZHVWOHYHODIWHUKRILQFXEDWLRQ
   )38PJ )RU %DFLOOXV VS 5 WKH KLJKHVW OHYHO RI FHOOXODVH SURGXFWLRQ ZDV QRWLFHG DIWHU K RI
LQFXEDWLRQ )38PJ EH\RQG WKLVOHYHOWKHFHOOXORO\WLFDFWLYLW\GHFUHDVHV DQG VWDELOL]HV WRUHDFK  
)38PJ %DFLOOXVFHUHXV KDVUHDFKHGKLVPD[LPXPSURGXFWLRQ DIWHUK )38PJDIWHUWKDW
WKHDFWLYLW\ GHFUHDVHG SURJUHVVLYHO\ XQWLO KRILQFXEDWLRQ  )38PJ
)RU0Q SHUR[LGDVH SURGXFWLRQ )LJ % UHVXOWV ZHUH DOPRVW WKH VDPH LQ DOO FXOWXUHV DIWHU  K WKH VSHFLILF
DFWLYLW\ZDV 8PJ PLQ 8PJ PLQ8PJ PLQ ZLWK %DFLOOXV VS5
%DFLOOXV FHUHXV DQG WKH PL[HG FXOWXUH UHVSHFWLYHO\ +RZHYHU DIWHU K RI LQFXEDWLRQ ZH KDYH UHJLVWHUHG DQ
LPSRUWDQWLQFUHDVHLQ0QSHUR[LGDVHVSURGXFWLRQ IRU WKHPL[HGFXOWXUH8PJPLQDQG %DFLOOXV VS
5   8PJ PLQ 3URGXFWLRQ RI0Q SHUR[LGDVH LQ %DFLOOXV FHUHXV ZDV UHODWLYHO\ ORZ DQG UDQJHG
EHWZHHQ    8PJPLQ DQG    8PJ PLQ
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x ,Q %DFLOOXVVS5 WKHUHZDVDVWURQJ SRVLWLYH FRUUHODWLRQEHWZHHQFHOOXODVHDQG0QSHUR[LGDVH 7DEOH WKH
FHOOXODVHDQG0QSHUR[LGDVHDFWLYLWLHVFRUUHODWHGLQDOOWLPHVRILQFXEDWLRQ)LJD:KLOHZHDNSRVLWLYH
FRUUHODWLRQV ZHUHIRXQGEHWZHHQHQ]\PHVDFWLYLWLHVDQGSURWHLQFRQWHQW7DEOH )LJD
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 :HDNSRVLWLYH FRUUHODWLRQEHWZHHQ0QSHUR[LGDVH DQG
SURWHLQFRQWHQW
%DFLOOXVFHUHXV   
 1RFRUUHODWLRQEHWZHHQFHOOXODVHDQG0QSHUR[LGDVH
 6WURQJ SRVLWLYH FRUUHODWLRQ EHWZHHQ FHOOXODVH DQG
SURWHLQFRQWHQW
 :HDNSRVLWLYH FRUUHODWLRQEHWZHHQ0QSHUR[LGDVH DQG
SURWHLQFRQWHQW
0L[HGFXOWXUH   
 6WURQJ QHJDWLYH FRUUHODWLRQ EHWZHHQ FHOOXODVH DQG0Q
SHUR[LGDVH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7RWHVWWKHDELOLW\RIFUXGHHQ]\PHV WRGHFRORUL]H WKHV\QWKHWLFG\HV LQ YLWUR WKH\ ZHUH LQFXEDWHGZLWK G\HVDW 
&IRU  KLQDUHDFWLRQPL[WXUH FRQWDLQLQJ FUXGH 0QSHUR[LGDVH DQGVHDZDWHUEXIIHU S+6DPSOHVZHUHWDNHQ
HDFKPLQWRPHDVXUHWKHGHFRORXUL]DWLRQUDWH)LJXUHUHSUHVHQWWKHWLPHFRXUVHRIGHFRORXUL]DWLRQRI0HWK\OHQH
EOXH$1HXWUDOUHG%DQG&RQJRUHG&E\ %DFLOOXVVS5 %DFLOOXVFHUHXV DQGPL[HGFXOWXUH
7KHKLJKHVWOHYHORI%OXHPHWK\OHQHGHFRORXUL]DWLRQZDVQRWLFHGLQ %DFLOOXV FHUHXV IROORZHGE\ %DFLOOXV
VS5DQGPL[HGFXOWXUHDIWHUKRIUHDFWLRQILJ$
)RU1HXWUDOUHGZHQRWHGDVWURQJGHFRORXUL]DWLRQDIWHUKRILQFXEDWLRQILJ%7KHEHVW OHYHOVEHLQJ






VWXGLHV ZKLFK KDYH GLVFXVVHG WKH XVH RI ZDVWH QHZVSDSHU LQ GLIIHUHQW DSSOLFDWLRQV ZH FDQ FLWH HQ]\PDWLF
VDFFKDULILFDWLRQ IRU HWKDQRO SURGXFWLRQ >@ RU ZDVWH QHZVSDSHU ILEHUV LQFRUSRUDWLRQ LQ FRPSRVLWHV >@ DQG DOVR
HQ]\PHV XVH IRU QHZVSDSHU GHLQNLQJ >@%XW IHZ VWXGLHV KDYH EHHQ GHYRWHG WR WKH YDOXDWLRQ RI WKLVZDVWH IRU
HQ]\PHV SURGXFWLRQ :X HW DO  >@ UHSRUWHG WKDW QHZVSDSHU LV FRPSRVHG RI  FHOOXORVH  
KHPLFHOOXORVHVDQG OLJQLQVWKLVULFKQHVVRISRO\VDFFKDULGHVOLJQLQVDQGV\QWKHWLFG\HVLQNPDNHVWKLVZDVWH
DSURPLVLQJVRXUFH IRUOLJQRFHOOXORO\WLFHQ]\PHVSURGXFWLRQ&KXHW DO KDVVWXGLHGWKHHQ]\PDWLFFRQYHUVLRQ
RIQHZVSDSHUDQGVKRZHGWKHJUHDWSRWHQWLDORIWKLVZDVWHWREHXVHGDVDUHQHZDEOHIHHGVWRFNIRUWKHSURGXFWLRQRI
IHUPHQWDEOH VXJDUV >@:LQTXLVW HW DO  DIILUPHG WKDW WKH VXSSOHPHQWDWLRQ RI )'6 ILEHU DQG GHLQNLQJ
VOXGJHWRRDWKXVNVHQKDQFHVWKHSURGXFWLRQRIPDQJDQHVHSHUR[LGDVHDQGODFFDVHV E\ WKHIXQJL &HUUHQDXQLFRORU7
 DQG 3OHXURWXVRVWUHDWXV'60 >@
7KH UHVXOWV REWDLQHG VKRZHG WKDW DFWLYLWLHVRI FHOOXODVH DQG PDQJDQHVHSHUR[LGDVH VHFUHWHG E\ %DFLOOXV VS 5
VWUDLQ ZHUH FKDUDFWHUL]HG E\ DVWURQJFRUUHODWLRQ 6\QHUJ\ EHWZHHQ HQ]\PHV KDVEHHQWKHVXEMHFW RI VHYHUDOVWXGLHV
7KHFRPSOH[LW\RI OLJQRFHOOXORVLFVXEVWUDWHV UHTXLUHV WKH LQYROYHPHQW RIVHYHUDO HQ]\PHV DFWLQJLQV\QHUJ\ IRU LWV
K\GURO\VLV >@ 6HYHUDO VWXGLHV KDYH GLVFXVVHG WKH V\QHUJ\ EHWZHHQ FHOOXODVHV DQG RWKHU HQ]\PHV HVSHFLDOO\
[\ODQDVHV>  @ ODFFDVHV>@DQG SHFWLQDVHV >@
:H REVHUYHG D VWURQJ SRVLWLYH FRUUHODWLRQ EHWZHHQ FHOOXODVH DQG SURWHLQV VHFUHWHG E\ %DFLOOXV FHUHXV
DQGEHWZHHQSHUR[LGDVH DQG SURWHLQV LQWKHPL[HGFXOWXUH:KLOH ZHREVHUYHGDVWURQJQHJDWLYHFRUUHODWLRQEHWZHHQ
FHOOXODVHDQGSURWHLQFRQWHQWLQWKHPL[HGFXOWXUH $SRVLWLYHFRUUHODWLRQEHWZHHQHQ]\PHDFWLYLW\DQGFUXGHSURWHLQ
FRQWHQWDVHVWDEOLVKHGKHUHKDVDOVREHHQUHSRUWHG ZLWK $VSHUJLOOXV WHUUHXV*1 DQG 6FOHURWLXP UROIVLL >@
6HYHUDOVWXGLHVKDYHVWXGLHGWKHDELOLW\RIPLFURELDOHQ]\PHVODFFDVHVDQGSHUR[LGDVHVWRGHFRORUL]HV\QWKHWLF
G\HV +RZHYHU PRVW VWXGLHV XVH HQ]\PHV IURP IXQJDO VRXUFHV >@ ,Q WKLV VWXG\ ZH XVHG FUXGH SHUR[LGDVHV
SURGXFHGIURP %DFLOOXV VWUDLQVWRGHFRORUL]HWKUHHV\QWKHWLFG\HV0HWK\OHQHEOXH1HXWUDOUHGDQG&RQJRUHG0DQ\
G\HGHFRORUL]LQJEDFWHULDKDYHEHHQUHSRUWHGZHFDQFLWHIRUH[DPSOH %DFLOOXVFHUHXV'& >@ %DFLOOXV VXEWLOLV
>@ %DFLOOXV IXVLIRUPLV .0. >@ %DFLOOXV DP\OROLTXHIDFLHQV >@ 6SKLQJRPRQDV SDXFLPRELOLV DQG
6WDSK\ORFRFFXVHSLGHUPLGLV >@
7KH KLJKHVW GHFRORXUL]DWLRQ OHYHO RI 0HWK\OHQH EOXH  ZDV GHWHFWHG DIWHU  K RI UHDFWLRQ ZLWK FUXGH
PDQJDQHVHSHUR[LGDVH H[WUDFWHGIURP %DFLOOXV FHUHXV,QDVLPLODUVWXG\IRU G\HV GHFRORXUL]DWLRQE\ WKHZKLWHURW
IXQJXV /HQWLQXOD /HQWLQXV HGRGHV XVLQJ PDQJDQHVH SHUR[LGDVH SURGXFHG RQ FRUQ FRE SRZGHU WKH KLJKHVW
SHUFHQWDJHUHPRYDO RI PHWK\OHQHEOXH ZDVZLWKDILQDOG\HFRQFHQWUDWLRQWLPHV OHVV>@DOVR$ODP
0GHW DO KDVXVHG OLJQLQSHUR[LGDVHHQ]\PH SURGXFHGE\WKHZKLWHURWIXQJL 3KDQHURFKHDWHFKU\VRVSRULXP
WRGHFRORUL]HPHWK\OHQHEOXHWKH KLJKHVWSHUFHQWDJHUHPRYDO RIG\HZDVZLWKDG\HFRQFHQWUDWLRQWLPHVOHVV
>@ ZKLFKSURYHV WKHVXSHULRULW\RIWKH VHOHFWHGVWUDLQLQ PHWK\OHQHEOXHGHFRORXUL]DWLRQDQGWKHHIIHFWRI
ZDVWHQHZVSDSHURQVHFUHWLRQRIHQ]\PHVWKDWKDYHDVWURQJDELOLW\WRVXSSRUWKLJKFRQFHQWUDWLRQV RIG\HV
1HXWUDOUHGGHFRORXUL]DWLRQ ZDVVXUURXQGLQJWKHIRUWKHWKUHHFXOWXUHV%DFLOOXVVS5 %DFLOOXVFHUHXV DQG
PL[HGFXOWXUH .QDSS-6 HW DO KDYHXVHGVHYHUDOVWUDLQVRI 3KDQHURFKDHWHFKU\VRVSRULXP WRVWXG\G\HV
GHFRORXUL]DWLRQ QHXWUDOUHGGHFRORXUL]DWLRQ UHVXOWVYDULHGIURPWRGHSHQGLQJRQIXQJDOVWUDLQ>@
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6LQFHPLQRIUHDFWLRQWKHOHYHORI&RQJRUHGGHFRORXUL]DWLRQKDVUHDFKHGIRUWKHWKUHHFXOWXUHV%RHUHW
DOUHSRUWHGWKDW WKHKLJKHVW OHYHORI&RQJRUHGGHFRORXUL]DWLRQLQLWLDOFRQFHQWUDWLRQZDVZDVXVLQJ
PDQJDQHVHSHUR[LGDVHSURGXFHGE\ /HQWLQXOD HGRGHV >@,QDQRWKHUVWXG\>@XVLQJLQYLYRG\HGHFRORXUL]DWLRQ
E\ %DFLOOXVDP\OROLTXHIDFLHQV PRUH WKDQUHPRYDORI&RQJRUHGG\HZDVDFKLHYHG DIWHUK ,WUHPDLQVWR QRWH
WKDW WKH LQWHQVLILFDWLRQ RI &RQJR UHG FRORU DIWHUPLQXWHV LVSUREDEO\GXHWR WKHSUHVHQFH RIUHGXFLQJDJHQWLQWKH
FUXGHHQ]\PHRI %DFLOOXVFHUHXV 7KLVFRORU ZDV LQWHQVLILHG LQWKHPL[HG FXOWXUHZKLFK OHWXVWRVXSSRVHWKDW WKH
SUHVHQFHRIERWK VWUDLQVLQ WKHPL[HGFXOWXUHKDVDFWLYDWHGDQWDJRQLVPPHFKDQLVP HOVHZKHUH WKLVZDVREVHUYHG LQ D
WHVW RI EDFWHULDO DQWDJRQLVPRQ SHWUL GLVK EHWZHHQ %DFLOOXVVS5 DQG %DFLOOXV FHUHXV GDWDQRWVKRZQ
,Q FRQFOXVLRQ ZH GHPRQVWUDWHG WKDW ZDVWH QHZVSDSHU LV D SRWHQWLDO VRXUFH IRU PXOWLSOH HQ]\PH SURGXFWLRQ
HVSHFLDOO\FHOOXODVHVDQGSHUR[LGDVHV 3UHVHQFHRI LQN LQ WKLVZDVWH DOORZV WKHSURGXFWLRQRI HIILFLHQWSHUR[LGDVHV
WKDWKDYHDKLJKDELOLW\ WRGHFRORUL]HV\QWKHWLFG\HV DWKLJKFRQFHQWUDWLRQV ZKLFKFRXOGEH XVHIXO IRUZDVWHZDWHU
ELRUHPHGLDWLRQ &RUUHODWLRQV EHWZHHQ FHOOXODVHV DQG SHUR[LGDVHVZHUH UHSRUWHG LQ WKLV VWXG\ WKH REWDLQHG UHVXOWV
VKRXOGEHVXSSRUWHG E\HOHFWURSKRUHVLVDQG]\PRJUDSK\SURILOLQJ WRGHWHFW SHUR[LGDVHV LVRHQ]\PHVDQGWRFRQILUP
WKH FRUUHODWLRQ SKHQRPHQD $OVR SURGXFWLRQ RSWLPL]DWLRQ DQG GHFRORXUL]DWLRQ VWXGLHV VKRXOG EH FRQGXFWHG WR
LPSURYHWKHREWDLQHGUHVXOWV
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